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Magneto optical recording system 



The present invention relates in general to a magneto optical recording system, 
suitable for writing information into a storage medium utilizing a magneto optical effect. The 
present invention relates more specifically to a magneto optical head used in such system. 

Magneto optical recording systems in general are known. For instance, 
reference is made to EP-0.432.312-A1 . Typically, the storage medium is in the shape of a 
disc, which is made to rotate so that a magneto optical head can follow a circular or spiral- 
shaped track on a surface of the disc. Information is written into a portion of the disc material 
by changing at least one optical property of this disc material portion, such as polarization, 
reflectivity, etc, by suitably magnetizing this disc material portion. To ttiis end, the magneto 
optical head comprises controllable magnetizing means for applying a controlled magnetic 
field to an area of the disc. 

The magneto optical discs typically comprise a material that is difficult to 
magnetize at relatively low temperatures, and more easily magnetizable at elevated 
temperatures. Further, it is desirable to achieve a high information density, i.e. to be able to 
selectively magnetize a disc portion having a very small size. This effect is obtained by 
optically defining the disc portion to magnetize, using a laser beam with a very small focal 
spot, the laser beam having sufficient intensity to heat the disc material to a required 
temperature. To this end, the magneto optical head also comprises controllable optical means 
for directing a controlled laser beam to a portion of the disc. 

During operation, the light beam should remain focussed on the disc, and the 
focal spot should remain aligned with a track or should be capable of being positioned with 
respect to a new track. To this end, the magneto optical head also comprises a movable 
platform carrying at least some components of the controllable magnetizing means and of the 
controllable optical means. In ord» to keep the mass (weight) of the movable platform as low 
as possible, the movable platform typically only carries an objective lens of the optical means 
and a coil of the magnetizing means. 

The platform is held with respect to an actuator base by a plurality of spring 
wires, which allow movement of the platform in tiie radial direction and in the focal direction 
(i.e. along the optical axis). For moving the platform with respect to the actuator base, the 
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magneto optical head also comprises a focal actuator and a radial actuator, which may be 
integrated into one combined focal/radial actuator, and which hereinafter wUl together simply 
be referred to as "actuator". The actuator comprises at least one actuator component fixed to 
the movable platform and at least one actuator component fixed to the actuator base. For 
instance, the movable platform may comprise one or more actuator coils cooperating with 
one or more magnets fixed to the actuator base. Alternatively, the movable platform may 
comprise one or more magnets cooperating with one or more actuator coils fixed to the 
actuator base. 

In order to keep the mass (weight) of the movable platform as low as possible, 
a coil driver, i.e. a device generating drive signals for the coil of the magnetizing means, is 
located outside the platform, for instance fixed to said actuator base or to a device firame. 
Then, a problem to be solved is the transfer of the coil drive signals from the coil driver to the 
coil. This requires electrically conductive leads, bridging the gap between the actuator base 
and the actuator platform. 

It is possible to use separate wiring, but this is vmdesirable as the wiring might 
affect the accuracy and the response speed of the actuator. Further, such wiring will add to 
the resistance, capacitance and inductance of the coil circuit, which will lower the maximum 
resonance frequency of the coil and hence will affect the frequency response of the coil. 

Thus, it is generally desirable to have the number of mechanical connections 
(leads, wires), bridging the gap between the actuator base and the actuator platform, to be as 
low as possible. Therefore, an objective of the present invention is to provide a way of 
transferring high frequency writing coil drive signals fi»m the coil driver to the writing coil 
without using a dedicated wire for this pmpose. 

According to an important aspect of the present invention, at least one of the 
spring wires is electrically conductive and is used as physical conductor for transferring 
writing coil drive signals. Then, according to the present invention, said spring wires have a 
(high fi^quency) electrical function as well as a mechanical function. 

In the case where the movable platform comprises one or more actuator coils, 
spring wires may also carry current for energizing the actuator coils. Since it is generally 
desfrable to keep the number of wire springs as low as possible, it is generally not desirable 
to have separate wire springs dedicated to carrying actuator coil energizing current and 
separate wire springs dedicated to carrying writing coil drive signals. In these cases, it is 
generally desnable to have the number of spring wires correspond to the minim i im number 
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Figure 3 schematically shows a cross section of a part of an embodiment of a 
lens and coil assembly 40, which is to be mounted on or integrated in a movable platform 30 
of the magneto optical head 10 of the magneto optical recording apparatus 1. An objective 
lens 41 is mounted in a lens holder 42. A writing coil 43 is supported by a support 44, aUgned 
with the objective lens 41, and is located at that side of the lens which faces the disc 2. 

Returning to figure 2, the platform 30 is held with respect to the actuator base 
20 by a plurality of spring wires 22, which allow movonent of the platform 30 in directions 
perpendicular to the central axes of said spring wues. In figure 2, only two spring wires 22a 
and 22b are shown. 

The optical head 10 further comprises a driver for drivmg the writing coil 43, 
which writing coil driver is not shown for sake of simplicity. For instance, said writing coil 
driver may be fixed to said actuator base. 

According to the principles of the present invention, at least two of said spring 
wires 22a and 22b are electrically conductive and carry the writing coil drive signals from the 
actuator base 20 to the platform 30. 

For movmg the platform 30 with respect to the actuator base 20, the actuator 6 
comprises actuator magnets 21 and focus actuator coils 31a and tracking actuator coils 31b, 
which together will be referred to as actuator coils 31, cooperating witii said magnets 21. 

The actuator 6 fiirther comprises an actuator coil driver for energizing the 
actuator coils 31, which actuator coil driver is not shown for sake of simplicity. For instance, 
said actuator coil driver may be fixed to said actuator base. 

In a possible embodiment of the actuator in accordance with the present 
invention, the platform 30 carries the actuator magnets 21, whereas the actuator base 20 
carries the actuator coils 3 1 . Figure 4A is an electrical diagram schematically illustrating this 
embodiment. In figure 4A, the writing coil 43 is shown as mounted on the platform 30, 
together with magnets 21 . Two electiically conductive spring wires 22a and 22b are shown, 
electrically connected in series with the writing coil 43, mechanicaUy connecting the 
platform 30 to the actiiator base 20. Any possible further spring wires are not shown in figure 
4A. 

hi the embodiment as illustrated in figure 2, the actuator base 20 carries the 
actuator magnets 21, whereas the platform 30 carries Ihe actiiator coils 31. hi that case, 
actuator coil drive signals need to be communicated to the actiiator coils 31. Preferably, m 
accordance witii the principles of the present invention, electiically conductive spring wires 
are also used as currrait path for the actuator coil drive signals. 
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In case the number of spring wires 22 is sufficient, it is possible to use 
different spring wires for the actuator coil drive signals and the writing coil drive signals. 
Figure 4B is an electrical diagram schematically illustrating this embodiment. In figure 4B, 
the writing coil 43 is shown as mounted on the platform 30, together with actuator coils 31a 
and 31b. Six electrically conductive spring wires 22a-f are shown, mechanically connecting 
the platform 30 to the actuator base 20. A first pair of spring wires 22a-b are electrically 
connected in series with the writing coil 43. A second pair of spring wires 22c-d are 
electrically connected in series with the focus actuator coil 31a. A third pair of spring wires 
22e-f are electrically connected in series with flie tracking actuator coil 31b. 

However, in a practical embodiment, only four spring wires are present 
Therefore, in accordance with a preferred embodiment of the present invention, at least one 
of the spring wires is used as common physical conductor for transferring actuator drive 
signals as well as writing coil drive signals. 

Figure 4C is an electrical diagram schematically illustrating a first 
embodiment comprising four electrically conductive spring wires 22a-d, mechanically 
connecting the platform 30 to the actuator base 20. A set of first and second spring wires 
22a-b are electrically connected in series with the writing coil 43. The focus actuator coil 3 la 
has one teraiinal connected to a separate third spring wire 22c, and has another tenninal 
connected to said first spring wire 22a. The tracking actuator coil 3 lb has one terminal 
connected to a separate fourfli spring wire 22d, and has another terminal also connected to 
said first spring wire 22a. Thus, said first spring wire 22a acts as a common conductor for 
writing coil drive signals as well as for focus actuator drive signals as well as for tracking 
actuator drive signals. Typically, this common conductor 22a wiU be connected to mass. 

Figure 4D is an electrical diagram schematically illustrating a second 
embodiment comprising four electrically conductive spring wires 22a-d, mechanically 
connecting the platform 30 to the actuator base 20. A set of first and second spring wires 
22a-b are electrically connected in series with the writing coil 43. The focus actuator coil 31a 
has one teraiinal connected to a separate third spring wire 22c, and has another terminal 
connected to said first spring wire 22a. The tacking actuator coil 31b has one tenninal 
connected to a separate fourth spring wire 22d, and has another terminal connected to said 
second spring wire 22b. Thus, said first spring wire 22a acts as a common conductor for 
writing coil drive signals as well as for focus actiator drive signals, whereas said second 
spring wire 22b acts as a common conductor for writing coil drive signals as well as for 
tracking actuator drive signals. 



wo 2004/013850 PCT/IB2003/003242 

6 

Now. only one of said common conductors, for instance conductor 22a, can be 
connected to mass. Then, problems of crosstalk between tracking actuator coil 31b and 
writing coil 43 may arise. Normally, the high-frequency signals for the writing coil 43 will 
hardly pass the tracking actuator coU 3 lb. considering that the trackmg actuator coil 3 lb has 
arelatively high inductance. On the other hand, the writing coil 43 has a relatively low 
inductance so that the low -frequency signals for the trackmg actuator coU 31b may flow 
through the writing coil 43, which might be heated and even be damaged by the resulting 
large current mtensities. hi order to prevent this, a small filter capacUor may be connected in 
series with the writing coil 43, between Ihe writing coil 43 and the node to the tracking 
actuator coil 31b, as will be explained later m more detail. 

hi the above embodiments, each of the actuator coils has one spring wire 
dedicated solely to conducting the correspondmg actuator drive signal. It is, however, also 
possible to have one actuator coils connected to the two spring wires conducting the writing 
coil drive signals. Figure 4E is an electrical diagram schematically illustrating a tiiird 
embodhnent comprismg four electricaUy conductive spring wires 22a-d, mechanically 
connecting theplatform 30 to the actuator base 20. A set of first and second spring wires 
22a-b are electrically comiected m series with ihe writing coil 43. The focus actuator coil 31a 
is also comiected to said first and second spring wires 22a-b, m parallel to the writing coil 43. 
The tracking actuator coil 31b has one termmal connected to a separate third spring wire 22c. 
and has another tennmal comiected to a separate fourth spring wire 22d. Thus, said first 
spring wire 22a acts as a common conductor for writing coil drive signals as well as for focus 
achiator drive signals; the same appUes to said second spring wire 22b. 

As mentioned above with reference to the embodiment illustrated m figure 4D, 
in order to prevent the low-frequency focus actuator drive signals from flowmg through the 
relatively low-inductance writing coil 43, a small filter capacitor may be connected in series 
with the writing coil 43, between the writing coil 43 and the node to the focus actiiator coil 
31a, as will be explained later in more detail. 

Figure 4F is an electiical diagram schematically illustratuxg a third 
embodiment comprismg four electiically conductive spring wires 22a-d. mechanically 
comiecting the platform 30 to the achiator base 20. A set of first and second spring wires 
22a-b are electrically connected m series witii the writing coil 43. Tlie focus actuator coil 31a 
is also comiected to said first and second spring wir^ 22a-b. in parallel to tiie writing coU 43 . 
The tracking acfaiator coil 31b has one termmal connected to a separate third spring wire 22c, 
and has another terminal connected to said second spring wire 22b. Thus, said first spring 
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wire 22a acts as a common conductor for writing coil drive signals as weU as for focus 
actuator drive signals, whereas said second spring wire 22b acts as a common conductor for 
writing coU drive signals as well as for focus actuator drive signals as well as for tracking 
actuator drive signals. Since in this embodiment the fourth spring wire 22d is not used for 
conducting any of the said electrical signals, it may be implemented non-conductive or. if 
desired, it maybe omitted completely, thus yielding an embodiment comprising three spring 
wires only. 

As mentioned above with reference to the embodiment illustrated in figure 4D, 
in order to prevent the low-frequency focus and tracking actuator drive signals from flowing 
through the relatively low-inductance writing coil 43, a small filter capacitor may be 
comiected in series with the writing coil 43 , between the writing coil 43 and the node to fee 
tracking actiiator coil 31b and the focus actuator coil 31a, as wiU be explained later in more 
detail. 

The electrical circuit configurations discussed above are all suitable for 
communicating the write and drive signals to coils mounted on a moving platform. Regarding 
the embodiments having four spring wires, the embodiment illustrated in figure 4C has an 
inherent advantage of being simple and not having potential problems regarding crosstalk 
since exactty one spring wire is used as common conductor to all coils, which may therefore 
be comiected to a hard reference voltage such as mass. Ofthose embodiments where bofli 
conductors to the writing coil 43 are used as common conductor, tiie embodiment illustrated 
in figure 4E is the most simple one, and crosstalk-prevention can be implemented relatively 
easily, as will be explained hereinafter. However, it is repeated that all electrical circuit 
configurations discussed above are suitable for communicating the write and drive signals to 
coils mounted on a moving platform, and that in practice a designer may choose any ofthose 
circuit configurations depending on, inter aha. electrical resistance of the spring wires, 
possible parasitic capacities, current requirements of the actiiator, distance between drivers 
and coils, and possible even just designer's taste. 

In many cases, the electrical circuit configurations discussed above may be 
sufficient for adequately communicating the write and drive signals to the intended recipient. 
In this respect, it is noted that the writing coU drive signals have a relatively high frequency 
(in the MHz range), whereas the actiiator coU drive signals have a relatively low frequency 
(in the kHz range). The high inductance of the actuator coU will usually effectively block the 
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relatively hi^-frequency writing coil drive signals, and/or the actuator Avill simply not 
respond mechanically to the relatively high-frequency writing coil drive signals. On the other 
hand, the relatively low inductance of the writing coil may be insufficient to reUably block 
the relatively low-frequency actuator coU drive signals. Thus, it may be fomid desirable or 
even necessary to provide an additional filter for effecting a better separation between said 
sigoals. This is illustrated in figure 2, where the platform 30 carries a filter 50. Input wires 51 
connect said spring wires to an input of flie filter 50; in figure 2. only two spring wires 22a. 
22b and corresponding input wires 51a, 51b are shown. First output wires 52 comiect a first 
output of the filter 50 to the actiiator coils 31; in figure 2. only two of such first output wires 
52a, 52b are shown. Second output wires 53a, 53b connect a second output of tiie filter 50 to 

the writing coil 43. 

In a simple embodiment, tiie actual filter 50 consist of only one component. 

i.e. a c^acitor connected in series with the writing coil 43. Figure 5 is a diagram 
schematically illustrating tins embodiment of tiie filter 50 for tiie sitiiation of tiie actuator 
embodiment illusfrated in figure 4E. Since in tiiis case tiie tracking actuator coU 3 lb is 
completely separate from tiie focus actiiator coil 3 la and fix)m ttie writing coil 43, tiie 
tracking actuator coil 31b is omitted firom figure 5. 

Tlie filter 50 has an input 54 witii mput temiinals 54a, 54b, connected to said 
input wires 51a. 51b. respectively (see figure 2). The filter 50 has a first output 55 witii first 
output terminals 55a, 55b, connected (via said first output wires 52a, 52b - figure 2) to tiie 
terminals of tiie focus actuator coil 31a. The filter 50 has a second output 56 witii second 
output tenninals 56a, 56b, connected (via said second output wires 53a, 53b - figure 2) to tiie 

tCTtninals of the writing coil 43 . 

In figure 5, a specific embodiment of flie writing coil 43 is represented by a 
simplified electiical replacement circuit, which comprises a parallel arrangement of a 
capacitance 43C and a series arrangement of a resistance 43R and an inductance 43L, 
coupled between said two oulput terminals 56a, 56b. Further, a specific embodiment of tiie 
focus actuator coil 31a is represented by a shnpUfied electrical replacement circuit, which 
comprises aparallel arrangement of a capacitance 31C and a resistance 31R and an 
inductance 31L, coupled between said two first output terminals 55a, 55b. 

First oulput terminals 55a, 55b are connected to input teraunals 54a, 54b, 

respectively. 

The filter 50 fiirther comprises a filter capacitor 59. connected in series 
between a first input terminal 54a and a first one 56a of second output terminals. The otiier 
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one 56b of second output tenninals is connected to a second input terminal 54b. Second input 
terminal 54b may be connected to mass, as shown. 

In a specific embodiment, the writing coU 43 could be represented by the 
following parameters: 

43L: 18 nH 
43R: 2.5 Q 
43C: 0.32 pF 

Further, the focus actuator coU 3 la could be represented by the following parameters: 

31L: 52 liB. 
31R: 8.5 kQ 
31C: 31 pF 

For this specific embodiment, a filter 50 was designed having a filter capacitor 59 of 10 nF. 

The operation of the filter 50 will be clarified by the following description of 

the frequency characteristic. 

At very low frequencies, the capacitors 31C and 59 can be considered as non- 
conductive, and all current flows through the inductance 31L of the actuator coil 31a, in view 
of the fact that the impedance of the inductor 31L is much lower than the impedance of 
resistance 31R and capacitance 31C. 

If the frequency is increased, the impedance of the inductor 31L will rise 
whereas the impedances of the capacitors 31C and 59 will decrease. At a certain first 
transition frequency fri. the unpedance of the inductor 31L will become approximately equal 
to the impedance of the filter c^acitor 59. This first transition firequency fxi is determined by 
the following formula (1): 

fTl = (21^^/(L3lL•C59))■* 

With the component values as given in this example, this first transition frequency fji will be 

j^ypioximately 220 kHz. 

If the frequency is increased further, the impedance of the inductance 31L of 
the actuator coil 3 la will rise fiirther whereas the impedances of the c^acitors 3 IC and 59 
will decrease ftirfher. Thus, the cunent thiou^ the actuator coil 31a will decrease, and the 
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current will mainly flow through the filter capacitor 59 and through the writing coil inductor 
43L. At a certain second transition frequency fji* the rising impedance of the inductance 31L 
of the actuator coU 31a will become approximately equal to the impedance of the capacitance 
31C of the actuator coil 31a. With the component values as given m this example, this 
second transition frequency fxz will be approximately 4 MHz. 

At still higher frequencies, the current will start to flow also throng the 
capacitance 31C of the actuator coil 31a, but still at a lower magnitude than the current 
through the filter capacitor 59. 

A third transition frequency fjs occxirs when the impedance of the writing coil 
inductor 43L becomes approximately equal to the impedance of the capacitance 3 IC of the 

actuator coil 31a. With the component values as given in this example, this third transition 

frequency fn will be approximately 210 MHz. 

Thus, it should be clear that the filter 50 is enable of adequately separating 

the writing coil drive signals (typically in the order of about 100 MHz, 200 mA) fix>m the 

actuator coil drive signals (typically in tiie order of about 1 kHz, 100-300 mA) without 

disturbing the actuator coil drive signals to a noticeable extent. 

In general, the capacitance value of filter capacitor 59 is a design parameter, 

which can be selected on the basis of the above formula (1), taking the inductance of the 

actuator coils into account, according to the foUowing formula (2) which can simply be 

derived &om the above formula (1): 

C59 = (4»-fTl^-L31lO"^ (2) 

With actuator drive signals ranging up to 10 kHz, fri may for instance be selected in the 

range of 40 - 250 kHz. In the case of an actuator coil inductance of 52 jnH, C59 may then be 

selected in the range of 8 - 300 nF. 

It is noted that the c^acitance value of tiie filter capacitor 59 has substantially 

no influence on the position of the third transition firequency fxs- This third transition 

frequency fn is determined by the inductance of the writing coil inductor 43L and the 

capacitance 31C of the actuator coil 31a according to a formula similar to formula (1). 

Preferably, the third transition frequency fn is as high as possible, which translates into the 

desire to have the parasitic capacitance 31C of the actuator coil 31a be as small as possible. 
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As already mentioned, an advantage of the first embodiment illustrated in 
figure 4C over the embodiments illustrated in figures 4D-F is that said first embodiment does 
not need any additional filter components. 

It should be clear to a person sIdUed in the art that the present invention is not 
Imiited to the exemplary embodiments discussed above, but that various variations and 
modifications are possible within the protective scope of the invention as defined in the 
appending claims. 

For instance, in the schematical drawing of figure 3 only one objective lens 41 
is shown. However, the present invention is also appUcable m the case of a high NA 
(Numerical Aperture) lens assembly, which comprises two or more lens components, as is 
known per se. 

Further, in the schematical drawmg of figure 3 the coil 43 is shown between 
the lens 41 and the disc 2; however, the present mvention is also appUcable in case the coil 
43 is mounted on the opposite side of the lens 41 or, in the case of a multiple-lens assembly, 

betvyreen two lens components. 

hi case five spring wires are available for use as electrical conductor, it is 
possible to connect writing coil 43 and one actuator coil 31 as iUustirated m figure AC (usmg 
three spring wires) and to individuaUy connect the other actuator coil 3 1 as illustrated m 
figure 4B (using two spring whes). 



